Worms and insects are also believed to be nutritionally adequate feed for chicks but are impractical for feed manufacturers to use them as feed stuffs. From the standpoint of the earth's natural resources, however, it is especially important to discover additional protein sources. On farms, an earthworm of the genus Annlida has a beneficial effect on the soil, and large quantities may be produced by feeding them waste materials. It is also known that sudden and unexplainable hordes of grasshoppers sometimes occur. It is, therefore, important to evaluate the nutritional benefits of earthworms and grasshoppers as they would naturally be used in the diet of chicks.
Earthworms has been used as useful animals in several countries. Japanese are now cultivating them to treat waste materials such as active sludge, to improve soil and to use as bait for fishing. From olden times in China and Japan earthworm powder has been used in medicines because the worms' lumbrofebrin controls and can lower the human body temperature1 on layers in whose diets fish meal was replaced with earthworms. Their results showed that earthworms were as nutritious as fish meal. If mass production of earthworms is possible, they could then be used as chick food even in the modern manner of industrial production. In this paper, digestibility of earthworms and grasshoppers by the chick and effects of them on growth performance of the chick were presented.
Materials and Methods
Cultivated earthworms were used in this experiment, mainly Eisenia foetia (Savigny). Earthworms, excluding feces by starving 4 hours, were either lyophilized or air-dried (60, 7 days). Before and after lyophilization and air-drying, the samples were weighed to estimate the moisture content of living earthworms.
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in a mortar to pass through a 1mm sieve. About one Kg each of the lyophilized and air-dried samples was prepared.
Grasshoppers, caught on our university farm, were mainly Acrida lata motschulsky, Atractomorpha bedeli boliver, Oxya japonica willemse and Campsocleis buergeri dehaan.
Grasshoppers, excluding feces by one day starvation, were also air-dried (60, 24 hours).
As with the earthworms, before and after air-drying the samples were weighed. About one Kg of the air-dried sample of grasshoppers was also prepared.
In Experiment 1, male White Leghorn chicks were purchased from a commercial hatchery and reared in electrically-heated battery brooders in groups of twenty or twentyfive. A basal diet shown in Table 1 was fed to the chicks for nine days. Then, the chicks were divided into four groups of three units each composed of three chicks each. The average body weight of the chicks in each unit was as equal as possible.
One group was given water and the basal diet ad libitum for two weeks; and the rest of the groups were given water and one of experimental diets comprised of 70% of the basal diet and 30% of one the samples, i. e., lyophilized or air-dried earthworms and air-dried grasshoppers, ad libitum for two weeks.
Feed intake was 1 ecorded daily and body weight weekly.
After the first seven days of preliminary feeding of the experimental diet, the feces of each unit of chicks were collected for the last seven days, weighed and dried in a box controlled at 60 with a fan. After drying, the feces were left at room temperature over night, and ground in a mortar to pass through the 1 mm sieve.
Moisture, crude protein, crude fat, crude fiber, crude ash and nitrogen free extracts in the samples, experimental diets and the feces were determined by the usual feed procedures9), except crude protein of the feces was determined by the method described by YOSHIDA et al.10) and crude fat by the AOAC method11) after dissolving with hydrochloric acid. Amino acid composition of the samples was determined with an amino acid autoanalyzer. (HITACHI KLA-5).
In Experiment 2, male White Leghorn chicks were purchased, reared for nine days, and grouped into four groups as in Experiment 1. The chicks were fed one of the four diets shown in Table 1 ad libitum for fifteen days. Feed intake was measured daily and body weight weekly during the experimental period.
On the final day of the experiment all the chicks were killed and their six organs shown in Table 5 were weighed. 
Results
General components and amino acid composition of earthworms and grasshoppers are presented in Tables 2 and 3 , respectively. Moisture content of living earthworms and grasshoppers were 84.5% and 70.8% respectively. Air-dried and lyophilized earthworms have about 60% crude protein content. The amino acid composition of lyophilized and air-dried earthworms resembled that of a typical animal protein, except that the content of methionine, glycine and proline were somewhat lower than those of fish meal.
By the air-dried treatment, arginine, lysine, proline and serine in earthworms were damaged and the content of valine and glutamic acid were much higher.
The crude protein content of grasshoppers was 10% higher than that of fish meal.
Most of the amino acid contents of air-dried grasshoppers were lower than those of fish meal. However, the tryptophan, tyrosine, valine and alanine contents were higher. Digestibility, the metabolizable energy (ME) and the total digestible nutrients (TDN) of the samples are presented in Table 4 . Digestibility of the organic substance, crude protein and crude fat of lyophilized earthworms proved higher than 80%. Crude fat digestibility of air-dried earthworms was 59.1%. It seems that this lowering of fat digestibility due to earthworms' autolyze during air-drying. Crude protein digestibility of air-dried grasshoppers was 71.1%. The ME level and the TDN level of lyophilized earthworms were 3.76 kcal/g and 81.9%, respectively. The TDN level and the ME level of lyophilized earthworms were much higher but of air-dried earthworms and grasshoppers were lower than those of fish meal12). Performance of the chicks in Expt. 2 are presented in Table 5 . The difference of average body weight gain, feed intake and feed efficiency of chicks was not statistically significant among the four groups.
Weight of the organs (femoral muscle, pectoral muscle, liver, kidney, pancreas and spleen) per 100g body weight is presented also in Table 5 . Liver weight of the chicks fed air-dried earthworms was statistically (at the 1% level) higher than that fed the lyophilized earthworms. There were no anatomical differences in liver, kidney, muscle, spleen and pancreas among experimental groups which could be seen with the naked eye. 
Discussion
The content of methionine in earthworms was somewhat lower than that of fish meal and much lower than that of ovalbumin. We must learn whether or not this lack of methionine in earthworms affects growing chicks, layers and broilers. It is suspected that earthworms protein would be further improved by supplementing methionine.
We also recognized that the mineral content of earthworms is much lower than that of fish meal due to their lack of a skeleton. In order to use earthworms for poultry feed, we must learn whether or not those minerals which were lower than those in fish meal need to be added. Minerals such as calcium, phosphorus, potassium, sodium and magnesium are necessary for growing chicks, layers and broilers. It should be noted that the earthworms which we used in this experiment were cultivated in active sludge for use in medicine. The condition of cultivation affects the chemical composition of the worms.
Through the present experimental results, we could conclude the following.
Earthworms had protein content as high as and amino acid content similar to fish meal.
(2) Protein content of grasshoppers was much higher than that of fish meal but the amino acid content as lower.
(3) The digestibility and feeding experiment showed that earthworms can be practically used for poultry feed as a dietary source. (4) There were little difference in weight of organs (liver, kidney, muscle, spleen and pancreas) among the chicks fed earthworms, grasshoppers and fish meal.
Summary
Using 72 one-week-old male White Leghorn chicks, an attempt was made to study whether or not earthworms and grasshoppers can replace fish meal in chick diets.
Earthworms had protein content as high as and amino acid content similar to fish meal except the content of methionine, glycine, valine and proline. Crude protein of grasshoppers was much higher than that of fish meal but its amino acid content was lower.
The digestibility and feeding experiment showed that earthworms can be practically used for poultry feed as a dietary protein source.
Although it is suspected that the protein would be further improved by supplementing methionine.
The TDN level and the ME level of lyophilized earthworms were 81.9% and 3.76kcal/g, respec-
tively. There were little differences in weight of organs (liver, kidney, muscle, spleen and pancreas) among the chicks fed earthwrms, grasshoppers and fish meal.
